Potato is one of the priority vegetable crops in the highlands of Eritrea growing as a key component in the livelihood systems of farmers. Potato requires a variety of balanced plant mineral nutrients for growth and development without which yield and qualities of tubers are reduced. Potato growers in Eritrea commonly use Di-ammonium Phosphate, Urea and Farmyard manure while potassium fertilizers are overlooked assuming that the soil is developed from K rich parent material and contains sufficient amount of K to support crop growth. However this assumption is based on the result obtained forty-seven years ago. As a result the yield and quality of potato produced is very low as compared with international standards. Therefore the present experiment was conducted to assess the effect of potassium levels on growth and productivity of potato varieties at Hamelmalo Agricultural College, Eritrea. The experiment was conducted in factorial Randomized Complete Block Design with fifteen treatment combinations of three varieties (Ajiba, Zafira and Picasso) and five potassium levels (0, 75, 150, 225 and 300 kg K2O/ha) replicated thrice. The results of the study showed that both variety and potassium had significant effect on growth and yield parameters. Aerial stem number, leaf number per plant and plant height were increased with increasing K levels from 0 to 150 kg while number of days to maturity was increased in the range of 0 -300 kg K 2 O/ha. The result also indicated that variety Ajiba treated with 300 kg K 2 O/ha produced significantly highest tuber weight (1.14 kg) per plant and tuber yield of 49.38 t/ha. The economic analysis result revealed that maximum gross margin 13,665.816 USD/ha was obtained from the application of 300 kg K 2 O/ha. On the whole, it gives an impression that using potassium fertilizer according to soil requirements will have good influence on growth and tuber yield.
Introduction
Potato is one of the most important foods and cash crops cultivated worldwide under a wide range of climatic condition. At present it is the fourth most important food crop in terms of its production in the world, after wheat, rice and maize [1] . It is a source of both food and income in many of the densely populated highlands of SubSaharan Africa. Because of this double purpose, the potato crop plays an important role in the improvement of rural livelihood system of many countries [2] . According to [3] report, potato is considered among the highly recommended food security crop that can safeguard low-income countries from the risks posed by rising international food prices. In the recent years potato is becoming one of the key components in the livelihood systems of small-scale farmers in the highland and midland of Eritrea [4] . It is widely grown by small-scale farmers, contributing to food security as a direct food source and cash crop [5] , with low input and low output practice [4] . Land holding and yield of potato in Eritrea vary among farmers and site with an estimated average of 11 t/ha [5] . But it was noted that production is higher (16 t/ha) during off-season (under irrigation) farming practices [4] , although it is still low compared to the international standards.
Potato is a high yielding and exhaustive crop, thus requiring a variety of balanced plant nutrients for growth and development. Nitrogen (N), Phosphorus (P) and Potassium (K) are among the most important elements that are essential for potato productivity. In many potato producing areas, N and P fertilizers are widely used while K is usually ignored causing serious decrease of potassium level in the soils [6] . This is particularly true to Eritrean case due to the wrong assumption that the soil is developed from K rich parent material and contains sufficient amount of K to support crop growth [7] . However, many recent research findings proved that the fertility levels of East African soil, including Eritrea, are low because of continuous farming and degradation without replenishment [8] . Thus, low soil fertility is negatively affecting potato production in Eastern Africa, requiring accelerated agricultural intensification to optimize potato production (the authors added). Potato growers in Eritrea apply manures and fertilizers from limited resources only when they are available and affordable. However, the dose, time and methods of application are so different among the farmers and in different areas of production [4] . Potassium is an essential nutrient for the growth of crops, including potatoes [9] . It is absorbed by plants in larger quantity than any other nutrient after nitrogen [10] . Its role is well documented in photosynthesis, increasing enzyme activity; improving synthesis of protein, carbohydrates and fats, translocation of photosynthetate resulting higher productivity of potato tubers. K is an essential nutrient for all plants and has a major effect upon growth and yield of potatoes as well as the general health and vigor of the crop [11] . Moreover, it is particularly important in helping plants adapt to environmental stress such as drought, winter hardiness, tolerance to diseases, insect pests and frost damage [12] . It is also involved in activation of enzymes important to energy utilization, starch synthesis, N metabolism, and respiration. These enzymes are abundant in the meristematic tissue at the growing points (like sprouting tuber eyes) where cells are dividing and primary tissues are formed [10] . However, the most commonly used fertilizer types currently in Eritrea are Di-ammonium Phosphate (DAP), Urea and farmyard manure [4] with limited or no K application. Like farmers of other developing countries, Eritrean farmers have also shortage of available clean planting material leading to low yield; disease spread and low quality produce [13] and [14] . Reports of the Ministry of Agriculture, the State of Eritrea [15] also indicated that the high cost of inputs especially seeds; fungicides and fertilizers, and shortage of fertilizers both in quantity and type resulted in no application at all or were applied below the recommended rate. Many recent research activities on the application of K have been conducted in other potato producing neighbouring countries like Etiopia and promising results have been reported [16] and [17] . The current experiment was, therefore, designed to carry out a field trial on the effect of potassium levels on growth and productivity of potato varieties under Hamelmalo, Eritrea condition. The finding will undoubtedly contribute to enhancing potato productivity in the country and improving the livelihood of subsistent potato growers.
Materials and Methods

Site Characteristics, Soil Sampling and Analysis
The study was conducted in the Research station, of Hamelmalo Agricultural College; Hamelmalo, Eritrea, located in ZobaAnseba 12 km North of Keren at 38˚27'42'' East longitude, 15˚52'21'' North latitude and is situated at an altitude of 1285 meters above the sea level. Soil analysis on physico-chemical properties results (0 -30 cm) showed that the soil texture was sandy loam with 0.03% nitrogen, 1.07 ppm phosphorus, 0.09 meq/100g of K + and 0.11% organic matter.
Experimental Set Up
The experiment was conducted in plots (furrow) using factorial Randomized Complete Block Design with fifteen treatment combinations of three varieties (Ajiba, Zafira and Picasso) and five potassium levels (0, 75, 150, 225 and 300 kg K 2 O/ha) replicated thrice. Full doses of potassium (K 2 O) were applied through band method at the time of planting as per the treatments to each experimental plot. Healthy pre-sprouted potato seed tubers were planted at a spacing of 75 × 30 cm. Irrigation was applied immediately after planting and subsequent irrigations were given as per the requirement of the crop. All other cultural practices, for all the treatments, were done uniformly.
Data Collection and Analysis
Observations of growth parameters like aerial stems per plant, plant height and number of leaves per plant were recorded when the crop exhibited maximum growth that is 60 days after emergence. Number of days to maturity for every treatment was determined when 50% of plants in every plot get mature. Data on number of tubers per plant, tuber diameter, tubers weight per plant and tuber yield per hectare were collected at the time of harvest. The data obtained were subjected to statistical analysis using the analysis of variance by GENSTAT software (4 th ed) and IBM SPSS statistical package version 20 at 5% level of significance (95% confidence limit) for the analysis of variance.
Gross Margin Analysis
Gross margin analysis was used to calculate the economic significance of potato tuber production as affected by potassium level application [18] . For this purpose, the mean marketable tuber yield data was adjusted down by ten percent to minimize plot management variation by farmers [16] . The average price of 1q of potato was taken as 36 USD. The price of potassium sulphate was estimated at 3 USD/kg based on the cost at the time of purchase. Therefore, to apply 100 kg of K 2 O you need to have 200 kg of sulphate of potash. Transportation cost of potato tuber yield at Hamelmalo area was 0.8 USD/q. Gross revenue was calculated as average adjusted tuber yield (q/ha) × average price of one quintal of the crop. Total variable cost was calculated as the sum of all costs that are variable to specific treatment against the control. Gross margin was calculated by subtracting total variable cost from the gross revenue [18] .
Results and Discussions
Growth and Growth Components
Potassium, varieties and their interactions had significant effects on all the growth parameters of potato varieties studied.
Number of Aerial Stems per Plant
The influence of K application on aerial stems per plant was found to be significant (p < 0.001). Number of aerial stems per plant had shown gradual increment with increasing potassium levels up to 150 kg K 2 O/ha. Maximum number of stems per plant (4.17) was recorded from plots treated with 150 kg K 2 O/ha and minimum number of stems per plant (3.19) was obtained from control. In line with the current findings, [17] reported that stem number of the potato was influenced by the application of K fertilizer. This could be due to the vital role of K in enzymatic activities for energy utilization, starch synthesis, N metabolism, and respiration. These enzymes are abundant in the meristematic tissue at the growing points or sprouting tuber eyes where cells are dividing and primary tissues are formed [10] . Contradictory to the current findings [19] and [20] reported that potassium treatment was not found to have any significant effect on the number of aerial stems per plant.
Varietal effect on the number of aerial stems per plant was also highly significant (p < 0.001). The data presented in Table 1 revealed that the highest mean number of aerial stems per plant (6.23) was produced from the variety Ajiba. The differences in number of aerial stems produced by the crops could be influenced by genetic make-up of the plants [21] . Stem number per plant is affected by the number of eyes per seed tuber used [22] and in the current study the number of eyes of the seed tubers used was not uniform. Seed tubers of Ajiba were having slightly more number of eyes compared to the rest of the two varieties. As a result it had produced more number of aerial stems per plant than the other two. Based on interaction treatment of potassium and potato varieties, there were significant (p < 0.001) differential response of varieties to K in aerial stem production. Zafira and Picasso responded positively up to the application of 150 kg K 2 O/ha. While Ajiba had showed sharp and positive response in stem number production with increasing potassium levels only up to 75 kg K 2 O/ha. This could be due to variation in crop varieties in their physiology, morphology and growth habit and so do in their response to fertilizer application [16] .
Number of Leaves per Plant
Potassium application had significant (p < 0.001) effect on number of leaves per plant produced. The data shown in Table 1 indicates that leaf number per plant had increased with increasing potassium levels from 0 -150 kg K 2 O/ha. The highest leaf number (57.83) was obtained from application of 150 kg K 2 O/ha while control gave the lowest (45.08) mean value. This is in close agreement with the findings of [20] and [6] who reported that highest leaves per plant were obtained from the application of 150 kg K 2 O/ha. The difference among the three varieties on number of leaves per plant was highly significant (p < 0.001). Ajiba had produced the highest leaf number per plant (78.13) followed by Zafira (48.83) and Picasso (35.48). Differences in growth characters of potatoes like leaf number are influenced by the genetic make-up of the varieties [23] . Varieties with more number of stems tend to have more vegetative growth leading to higher number of leaves [24] . In the current study, variety (Ajiba) which produced more number of stems also found to produce more number of leaves ( Table 1) . Regarding interaction effects; it is clearly indicated that the three varieties had responded to potassium levels in a different ways and showed significant (p < 0.001) effect on number of leaves per plant. Picasso had responded positively up to 150 kg K 2 O/ha. While, leaf number produced from Ajiba and Zafira was increased up to 75 kg K 2 O/ha. The highest mean values (87 and 53.33 leaves per plant) for Ajiba and Zafira respectively were recorded when they were treated with 75 kg of K 2 O/ha. The minimum mean value of the three varieties was observed at 0 kg of K 2 O (control). [25] found that the vegetative growth parameters like plant height were gradually and significantly increased by increasing the level of potassium application from up to 285 kg K 2 O/ha. Different potato varieties showed significant (p < 0.001) differences in their plant height responses. Ajiba was found to have highest plant height (42.15 cm) over the rest of the varieties studied and the lowest (32.48 cm) was obtained from Picasso. This could be attributed to the difference in their growth character which is being influenced by genetic make-up of the crop [26] . The interaction effect of K and varieties on plant height was significant. The three varieties had shown differential response to potassium application in which Zafira and Picasso gave their highest plant height of 43.33 and 34 cm, respectively when they were treated with 150 kg K 2 O/ha. Ajiba responded better at 75 kg K 2 O/ha and gave 45 cm ( Table 2) . Similarly, [27] who studied the effect of fertilizer and variety on the yield of sweet potato reported that interaction between variety and fertilizers had affected plant height significantly.
Days to Maturity
Based on K treatments days to maturity of potato crop were found to have significant (p < 0.001) differences. Table 2 indicates that increasing application of K was found to delay maturity and maximum (105.89 days) was recorded from plots treated with 300 kg K 2 O/ha. Levels of certain nutrients like potassium affect not only yield, but also maturity and quality of the crop [28] . Potassium has significant role in building nutrient absorption capacity of crops especially, N [20] . The higher N status on the crop favors vegetative shoot growth, delays the initiation of the storage process and decreases growth rate and photosynthate accumulation in storage organ of potato [29] . However, [17] reported that application of potassium fertilization did not affect flowering and physiological maturity of potato. Number of days required for maturity were found to have significant (p < 0.001) variation among the varieties. Data depicted in Table 2 reveals that Zafira was found to be early and Picasso was late in their maturity with mean values of 92.07 and 117.33 days, respectively. This could be due to the fact that plant characteristics like maturity, number of main stem and tubers per plant, tuber size and shape of potato crop are influenced mainly by variety [23] . Based on the interaction treatments, days to maturity were found to have significant difference. All the varieties studied showed positive response to potassium application. Maturity of the varieties was gradually delayed with increasing potassium levels. Maximum days to maturity of the three varieties (122.33, 101.67 and 93.67 days) were recorded from Picasso, Ajiba and Zafira, respectively when they were treated with 300 kg K 2 O/ha. Similarly, three of them recorded their minimum mean values from control. This is ascribed to the cultivar or strains difference in their nutritional requirements as their mineral nutritional use efficiency is different and under genetic control [30] . 
Yield and Yield Components
All yield and yield components studied in the present investigation were significantly influenced by the applied levels of potassium and varieties. However, only tuber number per plant was found to be significantly affected by the interaction treatments.
Tuber Number per Plant
Number of tubers per plant had shown gradual and significant (p < 0.001) increase with increasing potassium levels ( Table 3) . The highest tuber number per plant (9.08) was produced from the application of 300 kg K 2 O/ha while the lowest (6.92) was obtained from control. In a similar study [31] and [32] found that addition of K 2 SO 4 fertilizer increased numbers of tubers produced. This could be due to the significant role of potassium on photosynthesis, favors high energy status which helps the crop for timely and appropriate nutrients translocation and water absorption by roots. This results in availability of more photosynthates to produce more number of tubers per plant [33] . There was also significant (p < 0.001) difference among potato varieties in their production of tubers per plant. The highest number of tubers per plant (11.11) was produced by Ajiba followed by Zafira (8.58 ). This is ascribed to the existence of differences among genotypes in their adaptability to the specific environment and nutrient use efficiency [16] . The interaction effect of potassium level and potato varieties on number of tubers per plant was statistically significant. Ajiba responded more to K up to 150 kg K 2 O/ha, while Zafira showed slow increase in the range of 0 to 225 kg K 2 O/ha but showed higher response as K level increased beyond 225 kg K 2 O/ha. Picasso, on the other hand, showed steady response and number of tubers produced increased gradually with every increase of K levels ( Table 3) . Both Zafira and Picasso produced their higher number of tubers 10.57 and 5.61, respectively when they were treated with 300 kg K 2 O/ha. All the varieties produced their minimum number of tubers per plant at zero application (control). The result revealsthat application of more than 150 kg K 2 O/ha for Ajiba could be excessive dose that caused reduction in tuber production while it is too low for Zafira and Picasso, as potassium requirement of potato variety varies [34] . Similar results were reported by [27] for sweet potato variety.
Tuber Diameter
The results shown in Table 3 revealed that K level increased tuber diameter significantly (p < 0.001). The highest mean value (5.34 cm) was obtained from application of 225 kg K 2 O/ha and the smallest tuber diameter (4.77 cm) was recorded from control. Potassium requirement of potatoes increased with increasing tuber size as the functions of K is related with translocation of carbohydrates from leaves to tuber resulting in increased tuber size [31] . The fact that the experimental field was poor in K content, has led to better response of the crop to potassium treatment (Table 3) . This is in accordance to the findings of [35] . The authors concluded that potassium application increases the size of tubers, especially, in low to medium soil types. [36] also noted that insufficient K can result in reduced yields and produced smaller-sized tubers. The varieties had significant variations (p < 0.001) with regard to their response. Picasso which produced larger sized tubers (5.31 cm) was found to be superior to the other varieties. Table 3 indicates that Ajiba which had highest tuber number produced smallest tuber size (4.84 cm). Similarly, [37] found that tuber diameter varied significantly among potato cultivars. This could be due to the peculiar genetic characteristics of the varieties: Ajiba, Zafira and Picasso produce large, large oval to long-oval, and very large to large with red eyes tubers, respectively [38] . However, the varieties did not show any significant difference in response to K on tuber diameter (Table 3) .
Tuber Weight (kg/plant)
Increasing potassium application from 0 to 300 kg/ha had increased tuber weight per plant significantly (p < 0.001). Maximum and minimum mean values of 0.91 and 0.54 kg per plant were produced from the application of 300 kg K 2 O/ha and control, respectively. This is because, higher application of K facilitates the crop to have better nutrients and water absorption that improve growth and development of the crop and ultimately tuber weight [31] [33] found sharp response of potato to K 2 O application on tuber weight. Table 4 further illustrated that tuber weight per plant had significantly (p < 0.001) influenced by varietal treatment. Ajiba was superior of the three varieties evaluated followed by Zafira. In agreement with this finding, [24] reported that significant differences between varieties in their seasonal yield and tuber production per plant. Such variation is ascribed to the fact that nutrient usage of potato varies among cultivars and different environmental conditions [28] . Nevertheless, all the varieties exhibited steady increase in their tuber weight with the increase of K levels. Slight tuber weight decrease was noted at 150 kg K 2 O/ha for Ajiba as a result of sudden site specific late blight occurrence few days before crop maturity.
Total Yield (t/ha)
Results in Table 4 revealed that potato tuber yield increased with increasing potassium levels and had significant (p < 0.001) differences to all varieties. Highest tuber yield (40.25 t/ha) which is 39.20% yield advantage over the control was obtained from the application of 300 kg K 2 O/ha. Consistent to the current results, [11] reported that gradual and significant increase of total tuber yield as a result of increased K level. Highest yield was obtained from the application of 285 kg K 2 O/ha, the authors added. This is attributed to the importance of K in carbohydrate formation and transformation [39] . Moreover, according to [16] , appreciable increase in yield was noted in response to the application of K fertilizers, especially from soils with very low or below critical K level. The varieties investigated also showed significant (p < 0.001) differences (Table 4) . Ajiba produced highest tuber yield of 8.67% and 52.09% yield advantage over Zafira and Picasso, respectively. Contradictory to the current finding [40] noted that the effect of cultivar on tuber yield per unit area was not significant. The interaction between potassium and variety was not found to have any significant influence on the total yield of potato, although there was a trend of increase among the treatments. Yet, [16] reported that potato varieties showed significant difference in response to K application. 
Correlation Matrix among Growth and Yield Parameters of Potato
Correlation analysis showed that, aerial stem number per plant had positive and significant correlations with plant height (r = 0.803), leaf number per plant (r = 0.958), tuber number per plant (r = 0.817), tuber weight per plant (r = 0.620) and total tuber yield (r = 0.626). Similar positive and strong correlation of primary stem number with plant height and tubers number was reported by [41] . These positive correlations indicate that as stem number produced per plant increased, the plant will have early ground cover then the plant will grow taller as to get more sun light. Taller plants will also have higher production of leaves per plant that favours more production of photosynthates. More production of photosynthates also favours the plant to produce bigger tuber size (weight) per plant subsequently more total tuber yield. This association indicates that an increased photosynthates in leaves in response to potassium fertilization had substantially contributed to enhanced potato production and productivity that could be through the production of more assimilates. This is supported by the conclusions of [24] . Contradictory to the current finding [22] reported that higher number of stems per plant to bring about yield reduction, through increase in number of small sized tuber. Moreover, in the current study, tuber number per plant had positive and significant correlation with tuber weight per plant (r = 0.801) and total tuber yield (r = 0.855). This indicates that as number of tubers produced by a single plant increases, total tuber weight per plant and overall tuber yield can be increased. However, it showed negative correlations with tuber diameter (r = −0.416). As the number of tubers per plant increased tend to become smaller in size. This is in line with the findings of [23] who stated that tuber size of the harvested product depends on the total tuber yield and the number of tubers per m 2 . Total tuber yield had positive and significant correlation (0.462) with K application. This is because of the importance of K in carbohydrate formation and transformation and movement of starch from potato leaves to tubers [39] .
Gross Margin Analysis (USD/ha)
Costs of inputs, like fertilizers and transportation were calculated for all treatments to determine the total variable cost. Fixed costs are constant as they do not vary in all the treatments. For this reason only gross revenue was calculated as to determine the highest gross margin (income above variable cost). The result revealed that the gross margin obtained from the potato varieties had increased for every additional variable cost. It was noted the gross margin increased as a result of K application. Maximum gross margin (13, 665 .816 USD/ha) was obtained from Ajiba treated with 300 kg K 2 O/ha. The increase in gross margin from the crops for every addition of potassium levels could be due to the positive yield responses of the varieties used as a result of low soil fertility of the experimental field.
Conclusion
It is concluded that application of potassium fertilizers has significant and positive effect on the growth and yield of potato. There were significant differences among potato varieties in their performance and it was found that variety ajiba is the best and high yielding variety in the study area. Interactions of potassium by variety were significant and the highest yield (49.38 t/ha) was found from ajiba treated with 300 kg K 2 O/ha. The cost benefit analysis indicated that, growers can get reasonable economic benefit by considering K application for potato production. It is, therefore, recommended that potassium fertilizers should be introduced and included in the fertilizer packages of the potato growers at Hamelmalo and other areas of the country with similar soil conditions.
